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 摘 要 
全球 90%的海域分布有天然气水合物，其储量丰富，被认为是 21 世纪的重
要清洁能源；天然气水合物的主要成分为甲烷，其增温潜力是 CO2的 23 倍之多。
因此，海底天然气水合物具有重要的能源、经济、环境效应。我国南海具有天然
气水合物成藏的有利温度、压力、地质构造等条件，尤其是在南海北部神狐海域
和珠江口盆地，广州海洋地质调查局先后于 2007 年、2013 年、2016 年钻获水合
物实物样品。因而，研究南海北部不同海域天然气水合物潜在区沉积物碳氮地化
特征对水合物生成/分解的响应，对我国天然气水合物勘探开发具有重要的现实
意义。 
本论文依托国家自然科学基金项目《天然气水合物成藏体系中产甲烷与甲烷
厌氧氧化作用生物标志物和分子生物学研究》（项目编号：41276046）和 2011 年
南海北部 HY6-2011-1 航次、2015 年基金委南海北部夏季综合调查航次，以南海
北部台西南盆地、东沙海域、琼东南海域为研究对象，选取天然气水合物潜在区
973-3 和 973-4 站位（台西南盆地）、2B 和 5A 站位（东沙海域）、B1 和 D9 站位
（琼东南海域）等沉积物样品，利用地球化学、同位素化学等方法，分析了沉积
物固相和孔隙水中碳、氮元素的赋存形态、含量（或浓度）和稳定同位素组成，
测定了沉积物的环境条件（pH、Eh、盐度和沉积物粒径），并结合课题组已有的
微生物群落结构结果进行综合分析讨论。主要认识如下：  
一、南海北部沉积物碳氮地化行为与天然气水合物生成/分解的关系 
1. 台西南盆地 973-3 和 973-4 柱样 δ13CTOC平均值分别为-23.6‰、-25.2‰，
指示沉积有机质主要为陆源有机质；TOC 含量高（平均值>0.5%），能够为甲烷
生成提供充足的碳源。沉积物深部 TOC、TN 含量较表层低，DIC、NH4
+浓度较
高，指示了有机质降解的产甲烷作用，满足天然气水合物生成的气源需要。 
2. 在台西南盆地沉积物硫酸盐-甲烷转换带（SMTZ）范围内，DIC 浓度、IC
含量升高，δ13CIC值比生源 δ
13
CIC值负偏，指示了天然气水合物分解释放甲烷的
氧化过程；TN 含量降低，NH4
+浓度升高，δ15NTN值负偏，指示了甲烷厌氧氧化
古菌氧化甲烷的同时，进行了固氮作用。 
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3. 南海北部台西南盆地、东沙海域、琼东南海域的沉积物碳氮地化参数变
异反映了天然气水合物的生成/分解过程。 
二、天然气水合物潜在区沉积物环境因素与碳氮地化特征的关系 
1. 台西南盆地沉积物环境因素的变异与甲烷生成/氧化有关。 
（1）在 973-3 柱样 0~430cm 深度段和 973-4 柱样 0~350cm 深度段，pH 值
逐渐升高，反映了有机质的降解过程；在 SMTZ 范围内，pH 平均值较高（分别
为 9.0 和 9.2），指示了甲烷厌氧氧化反应（AOM）过程。 
（2）Eh 值在沉积物深部较低（973-3 和 973-4 柱样平均值分别为-125.2mV
和-111.7mV），指示了产甲烷的厌氧环境。 
（3）盐度在 SMTZ 范围内升高（973-3 和 973-4 柱样平均值分别为 30.4‰和
32.7‰），反映了海底天然气水合物生成时的排盐效应。 
（4）沉积物粒径范围为 6.1~10.6μm，属于细粉砂，有利于 CH4气体的生成。 
2. pH、Eh、粒径等环境条件是影响沉积物碳氮地化特征的重要因素。 
三、沉积物碳氮相互作用与天然气水合物生成/分解的关系 
1. 台西南盆地沉积微生物活动作用于碳氮元素的地球化学行为。 
2. 台西南盆地沉积物碳氮相互作用对天然气水合物生成/分解有明显响应，
分别为： 
（1）在沉积物表层，Proteobacteria 和 Methanosaeta、Proteobacteria 和
Methanomicrobiales 联合驱动下的有机碳转化和氨化的相互作用。 
（2）在沉积物 SMTZ 范围内，Proteobacteria 和 Methanosarcinales /ANME、
Deferribacter desulfuricans 和 Methanosarcinales/ANME 联合驱动下的 AOM 反应
和固氮的相互作用。 
 
关键词：南海；台西南盆地；天然气水合物；碳氮元素；地化特征 
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Abstract 
Marine gas hydrate, as one of the largest methane reservoirs on Earth, is an 
important subject about the effects of energy, economy and environment. China 
drilled and obtained gas hydrate samples from the northern South China Sea (SCS) in 
2007, 2013 and 2016, suggesting the best prospect area of marine gas hydrate for the 
northern SCS. Thus, studying carbon and nitrogen geochemical characteristics in 
sediments from the northern SCS responding to the formation and decomposition of 
gas hydrate makes an obvious sense for gas hydrate developing.  
Based on the National Natural Science Foundation projects ―Research on 
biomarkers and molecular biology of methanogenesis and anaerobic oxidation of 
methane in gas hydrate system‖ (project number: 41276046), Cruise HY6-2011-1 in 
2011 and the northern SCS integrated investigation cruise in 2015 , we chose the 
southwestern Taiwan Basin, Dongsha Basin and Qiongdongnan Basin as the research 
area. We analyzed the subsamples of sediments in cores 973-3 and 973-4 from the 
southwestern Taiwan Basin, cores 2B and 5A from the Dongsha Basin, and cores B1 
and D9 from the Qiongdongnan Basin. We focused on the results of the profiles of 
various carbon and nitrogen forms, contents or concentrations and stable isotopic 
compositions in bulk sediments and pore waters, environmental conditions including 
pH, Eh, salinity and grain size. Moreover, we combined the microbial community 
structures in marine sediments for the integrated analysis. The summary is shown as 
below: 
1. The relation between carbon and nitrogen geochemical characteristics in 
sediments of the northern SCS and gas hydrate formation and decomposition. 
(1) The sedimentary organic matters in the southwestern Taiwan Basin are 
dominated by the terrestrial orgin with the meanδ13CTOC values of -23.6‰ in core 
973-3 and -25.2‰ in core 973-4. Most TOC contens (> 0.5%) are sufficient for 
methanogenesis in situ. TOC and TN contents are lower in the bottom (>900cmbsf) 
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than those in the upper part, while concentrations of DIC and NH4
+ 
are higher. It 
indicates the methanogenesis due to organic matter decomposition.  
(2) DIC concentrations and IC contents increase in the range of sulfate-methane 
transition zone (SMTZ), with the δ13CIC values more depleted than the regional 
biogenic δ13CIC values, indicating gas hydrate decomposition with methane release. 
TN contents decrease, while NH4
+ 
concentrations increase, with the the depletion 
of δ15NTN values in SMTZ. It suggests the nitrogen fixation of the archaea during the 
anerobic oxidation of methane (AOM).  
(3) The variations of carbon and nitrogen geochemical parameters in sediments 
from the southwestern Taiwan Basin, Dongsha Basin and Qiongdongnan Basin, 
suggest the gas hydrate formation and decomposition of gas hydrate. 
2. The relation between environmental conditions in sediments from gas 
hydrate potential areas and carbon and nitrogen geochemical characteristics 
(1) The variations of environmental factors in the southwestern Taiwan Basin are 
correlated to methane production and oxidation. 
① The pH values increase in 0~430cm of core 973-3 and 0~350cm of core 
973-4, suggesting the organic matter decomposition. The pH values are higher in 
SMTZ (mean of 9.0 and 9.2, respectively), suggesting the AOM. 
② Eh values decrease below 900cm with mean of -125.2mV and -111.7mV, 
suggesting the anerobic conditions for methanogenesis. 
③ The salinity increase sharply in SMTZ (mean of 30.4‰ and 32.7‰, 
respectively), suggesting the salt elimination during gas hydrate formation. 
④ Grain sizes in sediments range from 6.1 to 10.6μm and indicate the 
predominance of fine silty sediments, suitable for methane production. 
(2) The pH, Eh and grain sizes affect significantly carbon and nitrogen 
geochemical characteristics in the southwestern Taiwan Basin. 
3. The relation between the interactions of carbon and nitrogen in sediments 
of SCS and gas hydrate formation and decomposition. 
(1) Microbial activities affect significantly carbon and nitrogen geochemical 
behaviors in the southwestern Taiwan Basin. 
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(2) The interactions between carbon and nitrogen in sediments from the 
southwestern Taiwan Basin are obviously responding to the gas hydrate formation and 
decomposition.  
① The interaction between organic carbon translation and ammonia 
mineralization in surface sediments driven by Proteobacteria and Methanosaeta, 
Proteobacteria and Methanomicrobiales, respectively. 
② The interaction between the anaerobic oxidation of methane (AOM) and 
nitrogen fixation in SMTZ driven by Proteobacteria and Methanosarcinales/ANME, 
Deferribacter desulfuricans and Methanosarcinales/ANME, respectively. 
 
Keywords: South China Sea; southwestern Taiwan Basin; gas hydrate; carbon and 
nitrogen; geochemical characteristics. 
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第 1章 绪论 
1.1 选题依据 
海洋沉积物是海洋生态系统中碳（C）、氮（N）元素循环的重要场所。各种
来源的 C、N 元素通过沉降或扩散运输到达海底生成表层沉积物，在复杂的沉积
环境中发生一系列生物地球化学反应，如水解、细胞自溶、微生物分解或降解等，
其中一部分碳氮元素扩散到海水中成为生物的营养物质，另一部分则随成岩作用
埋藏于海底，最终生成干酪根或烃类物质，成为油气或天然气水合物有机碳来源
基础（Parkes et al., 2007; Parkes et al., 2014）。 
人类所利用能源的数量和质量，是影响现代文明发展速度的最重要因素之一
（Makogon et al., 2007）。海底天然气水合物的储量为（1~6）×1015m3甲烷（约
500~3000Gt 甲烷碳；Kerstin et al., 2015），被视为未来的清洁能源、全球气候变
化驱动因子和海底地质灾害潜在因素（Kvenvolden, 1995; Milkov, 2004），故受到
各国政府和科学界的广泛关注（图 1-1）。 
 
图 1-1 关于天然气水合物能源和环境效应的研究 
a:近15年关于水合物研究的文章逐年递增；b:地质是主要的三大研究方向之一； 
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